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Description 

BACKLIGHT DEVICE 

Technical Field 

[1] The present invention relates to a backlight device used as a light source of a liquid 

crystal display device, and more particularly, to a double-lighting backlight device. 

Background Art 

[2] A transparent liquid crystal device or transflective liquid crystal device partially 

uses outside light, but mainly uses a light source which is mounted in the device. As 
this light source, a backlight is used. 

[3] To supply the light from the back of liquid crystal cells, this backlight is disposed 

on the back of the liquid crystal cells in a view from the display side of the device. 
This backlight is mainly constructed of light guide plates whose main surface is 
disposed substantially parallel to the surface on the back side of the liquid crystal cells 
and an edge light (side light) disposed on the edge surface side of the light guide plate 
for introducing light into this edge surface. Furthermore, a reflective sheet is disposed 
opposite the liquid crystal cell side of the light guide plate. 

[4] In such a structure, the light from the edge light propagates inside the light guide 

plate, and is reflected on light-emitting means provided on the light guide plate and on 
a reflective sheet disposed outside the light guide plate, and is redirected to the liquid 
crystal cells, and is then introduced into the liquid crystal cells. 

[5] Mobile phones having two displays are becoming widespread in recent years. In a 

case that the light is supplied to these two displays, a backlight is provided for each 
display. 

[6] Fig. 1 shows a structure of a conventional backlight having two displays. In the 

figure, reference numerals 101, 102 denote backlights for a main display (relatively 
large display) which supply the light in the direction indicated by arrow A. In the 
figure, reference numerals 107, 108 denote backlights for a sub-display (relatively 
small display) which supply the light in the direction indicated by arrow B. 

[7] The backlight for the main display is mainly constructed of a light guide plate 101 

and an edge light (side light) disposed on one edge surface side of this light guide plate 
101. As this edge light, an LED is normally used. A diffusion sheet 103 for diffusing 
the light emitted from the light guide plate 101 is disposed on one main surface 
(light-emitting surface) of the light guide plate 101. 

[8] On the diffusion sheet 103, an isotropic prism sheet 104 is disposed. As this 

isotropic prism sheet 104, for example, BEF (manufactured by 3M Worldwide Japan, 
trade name), etc., can be used. A plurality of prism-shaped protrusions are formed on 
the surface of this isotropic prism sheet 104 to condense the light in the direction per- 
pendicular to the ridge lines of the protrusions. 

[9] An isotropic prism sheet 105 is disposed on the isotropic prism sheet 104. As this 
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isotropic prism sheet 105, for example, BEF (trade name), etc., can be used. A 
plurality of prism-shaped protrusions are formed on the surface of this isotropic prism 
sheet 105 and the ridge lines of the protrusions are disposed perpendicular to the ridge 
lines of the protrusions of the isotropic prism sheet 104. Furthermore, this isotropic 
prism sheet 105 condenses the light in the direction perpendicular to the ridge lines of 
the protrusions. 

The backlight for the sub-display is mainly constructed of a light guide plate 107 
and an edge light 108 disposed on one edge surface side of this light guide plate 107. 
As this edge light, an LED is normally used. A diffusion sheet 109 for diffusing the 
light emitted from the light guide plate 107 is disposed on one main surface 
(light-emitting surface side) of the light guide plate 107. 

An isotropic prism sheet 1 10 is disposed on the diffusion sheet 109. As this 
isotropic prism sheet 110, BEF (trade name), etc., can be used. A plurality of prism- 
shaped protrusions are formed on the surface of this isotropic prism sheet 1 10 to 
condense the light in the direction perpendicular to the ridge lines of the protrusions. 

An isotropic prism sheet 1 1 1 is disposed on the isotropic prism sheet 1 10. As this 
isotropic prism sheet 111, BEF (trade name), etc., can be used. A plurality of prism- 
shaped protrusions are formed on the surface of this isotropic prism sheet 111 1 and the 
ridge lines of the protrusions are disposed perpendicular to the ridge lines of the 
protrusions of the isotropic prism sheet 110. Furthermore, this isotropic prism sheet 
111 condenses the light in the direction perpendicular to the ridge lines of the' 
protrusions. 

A reflective plate 1 06 is disposed between the other main surface of the light guide 
plate 101 and the other main surface of the light guide plate 107. This reflective plate 
106 prevents the light of the backlight on the main display side from being supplied to 
the sub-display side and on the contrary, prevents the light of the backlight on the sub- 
display side from being supplied to the main display side. 

In the above described structure, it is necessary to provide the backlights 101, 102 
to illuminate the main display, and the backlights 107, 108 to illuminate the sub- 
display respectively, which results in an increased number of parts and an increased 
thickness of the device as a whole. 

Disclosure 

It is an object of the present invention to provide such a backlight device that it is 
possible to illuminate the respective displays efficiently and to downsize the overall 
device in devices having a display on both surfaces, such as mobile phones having two 
displays. 

The backlight device according to the present invention comprises light guide 
means, having a pair of main surfaces faced each other and a pair of edge surfaces 

faced each other, for guiding the light from a light source arranged on one edge surface 
to both of main surfaces and control means for controlling the light source for il- 
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luminating a main lighting region having relatively large size on a side of one main 
surface of the light guide means, and illuminating a sub-lighting region having 
relatively small size on a side of another main surface of the light guide means. 

[17] Such a structure makes it possible to illuminate the respective displays efficiently 

and to downsize the overall device in devices having a display on both surfaces, such 
as mobile phones having two displays. 

[18] In the backlight device according to the present invention, the controlling means 

preferably comprises mode select means for selecting either a mode of illuminating the 
main lighting region or a mode of illuminating the sub-lighting region, and switch 
means for switching the power supply to the light source according to the mode 
selected by the mode select means. 

[19] In the backlight device according to the present invention, the switch means 

preferably supplies the whole light source with the electric power in the mode of il- 
luminating the main lighting region, and supplies a part of the light source with the 
power in the mode of illuminating the sub-lighting region. 

[20] In the backlight device according to the present invention, the light source 

preferably has a plurality of LEDs arranged in parallel, the switch means supplies 
LEDs having higher contribution to the illumination with the electric power in the . 
mode of lighting to the sub-lighting region. 

[21] In the backlight device according to the present invention, the LEDs having higher 

contribution to the illumination are preferably center-located LEDs of the plurality of 
LEDs arranged in parallel. 

[22] In the backlight device according to the present invention, the light guide means 

preferably has diffusion means and an isotropic prism member on both of the main 
surfaces respectively. 

[23] In the backlight device according to the present invention, the light guide means pr 

eferably has a semitransparent reflective member on the main surface of the sub- 
lighting region. 

Description of Drawings 

Fig.l shows a structure of a conventional backlight device; 
Fig.2 shows a structure of a backlight device according to an Embodiment of the 
present invention; 

Figs.3A and 3B show lighting regions in the backlight device according to an 
Embodiment of the present invention, Fig.3A shows a lighting region in a case of 
lighting the main display, and Fig.3B shows a lighting region in a case of lighting the 
sub-display; 

Fig.4 shows a block diagram for the explanation of the control of the backlight 
device according to Embodiment 1 of the present invention; and 

Fig. 5 shows a block diagram for ths explanation of the control of the backlight 
device according to Embodiment 2 of the present invention. 
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Best Mode 

[29] With reference now to the attached drawings, embodiments of the present 

invention will be explained in detail below. 
[30] (Embodiment 1) 

[3 1] Fig. 2 shows a structure of a backlight device according to an Embodiment of the 

present invention. The backlight device according to the present invention is provided 
with a light guide plate 1 1 having a pair of main surfaces and a pair of edge surfaces. 
An edge light (side light) 12 is disposed on one edge surface side of the light guide 
plate 1 1 . As this edge light, an LED is normally used. 

[32] On a main surface of a main display (relatively large display: upper part in Fig. 2) 

of the light guide plate 1 1, a diffusion sheet 13 is disposed which diffuses light from 
the light guide plate 1 1 . This diffusion sheet 13 can make the backlight invisible in a 
view from the panel display surface. However, this diffusion sheet 13 need not be 
always provided. 

[33] An isotropic prism sheet 14 is disposed on the diffusion sheet 13. As this isotropic 

prism sheet 14, BEF (trade name), etc., can be used. A plurality of prism-shaped 
protrusions are formed on the surface of this isotropic prism sheet 14 to condense the 
light in the direction perpendicular to the ridge lines of the protrusions. This allows the 
isotropic prism sheet to control the light in right/left directions with respect to the 
traveling direction of the light from a light source (edge light). Therefore, providing 
this isotropic prism sheet 14 can improve the light condensing performance in right/left 
directions with respect to the traveling direction of the light from the light source and 
improve brightness. 

[34] An isotropic prism sheet 15 is disposed on the isotropic prism sheet 14. As this 

isotropic prism sheet 15, BEF (trade name), etc., can be used. A plurality of prism- 
shaped protrusions are formed on the surface of this isotropic prism sheet 1 5 and the 
ridge lines of the protrusions are disposed perpendicular to the ridge lines of the 
protrusions of the isotropic prism sheet 14. Furthermore, this isotropic prism sheet 15 
condenses the light in the direction perpendicular to the ridge lines of the protrusions. 
In this way, the isotropic prism sheet controls the light in the light traveling direction 
from the light source (edge light). Therefore, providing this isotropic prism sheet 15 
can improve the light condensing performance in the light traveling direction from the 
light source and improve brightness. 
[35] A semitransparent reflective plate 16 is disposed on a main surface on a sub- 

display (relatively small display: lower part in Fig. 2) side of the light guide plate 11. 
This semitransparent reflective plate 16 is a reflective plate with reflectivity and 
transmittance adjusted to a predetermined ratio. 

A diffusion sheet 17 for diffusing the light from the light guide plate 1 1 is disposed 
on the semitransparent reflective plate 16. This diffusion sheet 17 can make the 
backlight invisible in a view from the panel display surface. However, this diffusion 
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sheet 1 7 need not be always provided. 

[37] An isotropic prism sheet 18 is disposed on the diffusion sheet 17. As this isotropic 

prism sheet 18, BEF (trade name), etc., can be used. A plurality of prism-shaped 
protrusions are formed on the surface of this isotropic prism sheet 1 8 to condense the 
light in the direction perpendicular to the ridge lines of the protrusions. In this way, the 
isotropic prism sheet controls the light in right/left directions with respect to the light 
traveling direction from the light source. Therefore, providing this isotropic prism 
sheet 1 8 can improve the light condensing performance in the right/left direction with 
respect to the light traveling direction from the light source and improve brightness. 

[38] An isotropic prism sheet 19 is disposed on the isotropic prism sheet 18. As this 

isotropic prism sheet 19, BEF (trade name), etc., can be used. A plurality of prism- 
shaped protrusions are formed on the surface of this isotropic prism sheet 19 and the 
ridge lines of the protrusions are disposed perpendicular to the ridge lines of the 
protrusions of the isotropic prism sheet 18. Furthermore, this isotropic prism sheet 19 
condenses the light in the direction perpendicular to the ridge lines of the protrusions. 
In this way, the isotropic prism sheet controls the light in the light traveling direction 
from the light source. Therefore, providing this isotropic prism sheet 1 9 can improve 
the light condensing performance of the light in the light traveling direction from the 
light source and improve brightness. 

[39] In the structure shown in Fig. 2, the isotropic prism sheets 14, 1 8 for condensing 

light in the direction perpendicular to the respective ridge lines of the protrusions are. 
provided on the diffusion sheets 13, 17 and the isotropic prism sheets 15, 19 for 
condensing the light parallel to the respective ridge lines of the protrusions are 
provided thereon, but according to the present invention, it is also possible to provide 
the isotropic prism sheets 15, 19 on the diffusion sheets 13,17 and provide the 
isotropic prism sheets 14, 18 thereon. 

[40] It is also possible to provide the isotropic prism sheets (not shown) on the outside ' 

isotropic prism sheets 15, 19. Combined with the isotropic prism sheets, this isotropic 
prism sheet can further improve the vertical brightness and the brightness in the wide 
view angle direction. 

[41] A liquid crystal panel for the main display (not shown) is disposed on the isotropic 

prism sheet 1 5 and a liquid crystal panel for the sub-display (not shown)is disposed on 
the isotropic prism sheet 19. In this way, the liquid crystal display device provided 
with the backlight device according to the present invention is constructed. As the 
liquid crystal panel, a commonly used panel can be used. 

[42] In the backlight device having such a structure, when the main display side is il- 

luminated (direction indicated by arrow A), the light from the edge light 12 of the 
backlight device propagates inside the light guide plate 1 1 , a part thereof directly goes 
out to the main display side and the rest of the light is reflected on the semitransparent 
reflective plate 1 6 disposed on the sub-display side of the light guide plate 1 1 . The 
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light reflected on the semitransparent reflective plate 1 6 passes through the light guide 
plate 1 1 and goes out to the main display side. The light from the light guide plate 1 1 
is diffused by the diffusion sheet 13. The light which has passed through the diffusion 
sheet 13 is controlled by the isotropic prism sheet 14 so that the light condensing 
performance in the right/left directions (with respect to the light traveling direction 
from the light source) is improved. Then, the light which has passed through the 
isotropic prism sheet 14 is controlled by the isotropic prism sheet 15 so that the light 
condensing performance in the light traveling direction from the light source is 
improved. This improves brightness in the direction perpendicular to the main surface 
of the light guide plate 1 1 . The light output in this way is introduced into the liquid 
crystal panel for the main display. 

[43] On the other hand, when the sub-display side is illuminated (direction indicated by 

arrow B), the light from the edge light 12 of the backlight device propagates inside the 
light guide plate 1 1 and a part thereof directly goes out to the sub-display side through 
the semitransparent reflective plate 16. The light from the light guide plate 1 1 is 
diffused by the diffusion sheet 17. The light which has passed through the diffusion 
sheet 17 is controlled by the isotropic prism sheet 18 so that light condensing 
performance in the right/left directions (with respect to the light traveling direction 
from the light source) through the isotropic prism sheet 1 8 is improved. Then, the light 
which has passed through the isotropic prism sheet 1 8 is controlled by the isotropic 
prism sheet 1 9 so that the light condensing performance in the light traveling direction 
from the light source is improved. This improves brightness in the direction per- 
pendicular to the main surface of the light guide plate 1 1 . The light output in this way 
is introduced into the liquid crystal panel for the sub-display. 

[44] In this way, the backlight device according to the present invention can illuminate 

two displays disposed on both surfaces of the light guide plate with a pair of the light 
guide plate and the light source, and can thereby reduce the number of parts as the 
backlight device and further reduce the thickness as the backlight device. Furthermore, 
using a pair of the light guide plate and the light source can reduce manufacturing cost, 
too. 

[45] Next, the control of the backlight device according to the present invention will be 

explained. 

[46] Fig. 3 shows a lighting region in the backlight device according to an embodiment 

of the present invention, Fig.3A shows a lighting region in a case of illuminating the 
main display and Fig.3B shows a lighting region in a case of illuminating the sub- 
display. 

[47] In Fig. 3, the edge light as the light source is constructed of four LEDs 12a to 12d 

arranged in parallel. Fig. 3 is a view from the main display 2 1 . In the case of il- 
luminating the main lighting region (area shown by dotted line) 21a, that is, when the 
main display is mainly illuminated, as shown in Fig. 3 A, all of the LEDs 12a to 12d 
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are switched on. At this time, the respective LEDs 12a to 12d have lighting regions 
22a to 22d and in this way, the overall main display 2 1 can be illuminated. 

[48] On the other hand, in the case of illuminating the sub-lighting region (area shown 

by one-dot dashed line)21b, that is, when the sub-display is mainly illuminated, as 
shown in Fig. 3B, the central LEDs 12b, 12c of the LEDs 12a to 12d are switched on. 
At this time, the respective LEDs 12b, 12c have their respective lighting regions 22b, 
22c, and therefore it is possible to illuminate the sub-lighting region 21b. The present 
invention is characterized in that when the sub-lighting region 21b is illuminated, only 
the LED having the highest contribution to the illumination of the sub-lighting region 
21b is switched on and LEDs having low contribution are turned OFF. For this reason, 
here, the LEDs 12b, 12c having relatively high contribution to the illumination of the 
sub-lighting region 21b are switched on. Therefore, according to the present invention, 
it is possible to selectively switch on LEDs having relatively high contribution to the 
illumination of the sub-lighting region. 

[49] Fig.4 is a block diagram for the explanation of the control of the backlight device 

according to Embodiment 1 of the present invention. The control device which 
controls the backlight device is mainly constructed of an LED driver 3 1 which supplies 
the electric power to switch on the LEDs 12a to 12d, a mode switch section 34 for 
switching between the illumination of the main lighting region and the illumination of 
the sub-lighting region and switches 32, 33 which select the LEDs 12a to 12d to be 
switched on according to instructions from the mode switch section 34. 

[50] When the main lighting region is illuminated in such a structure, a control signal 

for selecting the mode is supplied to the mode switch section 34. The control signal 
may be come from the device or may be come from the user's input. The mode switch 
section 34 instructs the switches 32, 33 to light up all the LEDs 12a to 12d according 
to the control signal (to illuminate the main lighting region). The switches 32, 33 
change their switching positions according to this instruction. Here, the switches 32, 
33 are set to a disconnected position. At this time, the output from the LED driver 31 is 
supplied to all the LEDs 12a to 12d, and therefore the LEDs 12a to 12d are switched 
on and can thereby illuminate the main lighting region 21a as shown in Fig. 3 A. 

[51] On the other hand, when the sub-lighting region is illuminated, a control signal to 

select the mode is supplied to the mode switch section 34. The mode switch section 34 
instructs the switches 32, 33 to light up LEDs having low contribution to the il- 
lumination of the sub-lighting region, that is, to light up the central LEDs (LEDs 12b, 
12c) according to the control signal (to illuminate the sub-lighting region). The 
switches 32, 33 change their switching positions according to this instruction. Here, 
the switches 32, 33 are set to a connected position. At this time, the output from the 
LED driver 31 is supplied to the LEDs 12b, 12c, and therefore only the LEDs 12b, 12c 
are switched on and can thereby illuminate the sub-lighting region 21b as shown in 
Fig. 3B. 
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[52] Thus, according to the present invention, the illumination of the relatively large 

main lighting region and the illumination of the relatively small sub-lighting region are 
performed using a set of the light guide plate and the light source. In this case, the 
whole light source is switched on to illuminate the main lighting region and* a part of 
the light source is switched on to illuminate the sub-lighting region. As a result, it is 
possible to illuminate the respective displays efficiently and to downsize the overall 
device in devices having the display on both surfaces, such as mobile phones having 
two displays. 

[53] (Embodiment 2) 

[54] Fig. 5 is a block diagram for the explanation of the control of the backlight device 

according to Embodiment 2 of the present invention. The control device for controlling 
the backlight device according to the present invention is provided with an LED driver 
41 which supplies the electric power to light up LEDs 12a to 12d and the LED driver 
41 is mainly constructed of a mode switch section 44 for switching between the il- 
lumination of a main lighting region and the illumination of a sub-lighting region and 
switches 42, 43 which select the LEDs 12a to 12d to be switched on according to an 
instruction from the mode switch section 44. 
[55] In such a structure, when the main lighting region is illuminated, a control signal 

for selecting the mode is supplied to the mode switch section 44. The control signal 
may be come from the device or may be come from the user's input. The mode switch 
section 44 instructs the switches 42, 43 to light up all the LEDs 12a to 12d according 
to the control signal (to illuminate the main lighting region). The. switches 42, 43 « 
change their switching positions according to this instruction. Here, the switch 42 is set 
to a position connected to an output 1 and the switch 43 is set to a position connected 
to a feedback 1. At this time, the output from the LED driver 41 is supplied to all the 
LEDs 12a to 12d, and therefore the LEDs 12a to 12d are switched on and can thereby 
illuminate the main lighting region 21a as shown in Fig. 3 A. 

On the other hand, when the sub-lighting region is illuminated, a control signal for 
selecting the mode is supplied to the mode switch section 44. The mode switch section 
44 instructs the switches 42, 43 to light up LEDs having high contribution to the il- 
lumination of the sub-lighting region, that is, the central LEDs (LEDs 12b, 12c) 
according to the control signal (to illuminate the sub-lighting region). The switches 42, 
43 change the switching positions according to this instruction. Here, the switch 42 is 
set to a position connected to an output 2 and the switch 43 is set to a position 
connected to a feedback 2. At this time, the output from the LED driver 41 is supplied 
to the LEDs 12b, 12c, and therefore only the LEDs 12b, 12c are switched on and can 
thereby illuminate the sub-lighting region 21b as shown in Fig. 3B. 

As described above, the present invention performs the illumination of a relatively 
large main lighting region and the illumination of a relatively small sub-lighting region 
using a set of the light guide plate and the light source. In this case, for the illumination 



WO 2005/059611 



9 



PCT/IB2004/052700 



of the main lighting region, the whole light source is switched on, while for the il- 
lumination of the sub-lighting region, a part of the light source is switched on. As a 
result, it is possible to illuminate the respective displays efficiently and to downsize the 
overall device in devices having the display on both surfaces, such as mobile phones 
having two displays. 

[58] The present invention is not limited to Embodiments 1, 2 but can be modified in 

various ways. For example, Embodiments 1, 2 have described the case where there are 
four LEDs, but the present invention is likewise applicable to cases where three or five 
or more LEDs are arranged in parallel. 

[59] In Embodiments 1, 2, the diffusion sheet may not necessarily be sheet-shaped, but 

can take any mode such as a tabular or film shape if it can exhibit the diffusing effects. 
Furthermore, the shape of the isotropic prism sheet is not limited to a sheet shape if it 
can at least exhibit the function. Furthermore, the semitransparent reflective plate is 
not limited to a tabular shape and can have a sheet or film shape if it can at least 
exhibit the reflection effect. Furthermore, Embodiments 1, 2 have been explained 
where the semitransparent reflective plate is used, but the present invention is not 
limited to this and any plates, that can perform reflections and transmissions, can be ■ 
used. Furthermore, the present invention is also applicable to a case where no semi- 
transparent reflective plate is used. 

Industrial Applicability 

[60] The present invention is applicable to a backlight device used as a light source of a 

liquid crystal display device such as a mobile phone, PDA (Personal Digital Assistant). 



